MicroRNAs (miRNAs) are small endogeneous non-coding RNAs of about 22nt length. These short RNAs regulate the expression of mRNAs by hybridizing with their 3 ′ -UTRs or by translational repression. They have been shown to take crucial roles in many biological processes. Many of the current studies are focused over how mature miRNAs regulate mRNAs, even though very limited knowledge is there about their transcriptional loci. Primary miRNAs (pri-miRs) are first transcribed from the DNA, followed by the formation of precursor miRNA (pre-miR) by endonucleases activity, which finally produces mature miRNAs. Unfortunately, the identification of the loci of pri-miRs, and the associated information about transcription start sites (TSSs) and promoters is still in progress. There are reported results concerning the TSSs of about 40% of the total mature miRNAs hitherto explored in human. These information, even though limited, may be useful for further study on the regulation of miRNAs. In this paper, we provide a novel database of miRNA TSSs (miRT) that might be a valuable resource for advanced research on miRNA regulation.
Introduction
In the recent years, a major attention in molecular biology research is devoted over various short and long non-coding RNAs [15] . Of the various subclasses of non-coding RNAs, microRNAs (miRNAs) are the most thoroughly characterized subclass of short RNAs in the recent literature [2] . MiRNAs are short (∼22nt) single stranded RNA molecules which are endogenous and play a major role in the regulation of mRNA through cleavage by hybridizing the 3 ′ -UTRs of their target mRNAs or by translational repression [21, 27] . The negative regulatory mechanism at the post transcriptional level ensures that miRNAs play a major role in controlling diverse biological processes such as carcinogenesis, cellular proliferation and differentiation.
The biogenesis of miRNAs begins with the generation of primary miRNAs (pri-miRs) that are initially expressed as a part of mRNA hairpin which forms a longer part of the transcript [13] . The excision of the upper part of this RNA hairpin by the nuclear RNase III enzyme Drosha produces the precursor miRNA (pre-miR), a 70-110nt intermediate [7, 12, 26] . Pre-miRNAs, which form short RNA hairpins bearing a 2-nt 3 ′ overhang, are then bound by the nuclear export factor Exportin 5, which transports them to the cytoplasm [16, 25] . At this stage, another RNase III enzyme termed Dicer removes the terminal loop of the pre-miR to generate a ∼22-bp miRNA duplex with 2-nt 3 ′ overhangs [13] . One strand of this short-lived duplex degrades while the other strand remains as the mature miRNA. The strand with the less stable 5 ′ -end (e.g., G:U pair versus G:C pair) usually survives [9, 23] . The transcriptional loci of a mature miRNA and its primary and precursor transcripts are shown in Fig. 1 . The mature miRNA is finally incorporated into a multi-protein complex, termed as RNA induced silencing complex (RISC), where it functions to drive RISC to the complementary mRNA targets [8, 18, 22] to control its biological activities.
Although sufficient experimental knowledge about the biogenesis of miRNA has already been gathered, enough information about the TSSs of pri-miRs is not yet available. Based on the genomic locus, miRNAs can be broadly categorized into two types -intragenic (miRNA-coding genes located within their host protein-coding genes) and intergenic (miRNA-coding genes located in-between protein-coding genes) [7] . It is highly anticipated that most of the intergenic miRNAs (inter-miRs) are transcribed independently based on their own RNA polymerase II enzyme (Pol II) promoter, while intragenic miRNAs (intra-miRs) are transcribed along with their host genes [5] . Current research interests concentrate on the transcriptional regulation of inter-miRs, as very little is known about whether their transcription is associated with those of their neighboring genes at all. In fact, the nature of the primary transcripts of inter-miRs is still not fully explored [21] . The localization of transcription start sites (TSSs) in the upstream region of the precursor miRNAs (pre-miR) that are intergenic is thus an important object of study. Majority of the miRNA loci reside in intronic regions of the hosting transcriptional units and thus their transcriptional machinery has been studied [10, 20] . RNA polymerase II is responsible for the transcription of these miRNAs along with the heterologous mRNAs [3, 10, 14, 20] . The knowledge about pri-miR TSSs will help us to understand the transcriptional regulation of miRNA and thus its biological activity. This will also help to provide accurate information about the promoter region of miRNAs. Only a few pri-miR structures were described biochemically earlier [3, 10, 14, 24] . Some miRNAs embedding regions are reported to reside in introns of certain coding genes [10, 20] , but it is not fully understood how these miRNAs are produced. Here, we report about a database that accumulates transcription start sites (TSSs) of miRNAs for the advance research. The different studies on finding TSSs are briefed in Table 1 .
The miRT Database
The miRT database includes information about the TSSs (with a minimum support value of 1) of 588 miRNAs (closer to 40% of the known mature miRNAs) in total. Of these, the ratio of inter-and intra-miRs is almost 1:2. However, the number of reported TSSs are more as because there are multiple TSSs experimentally obtained for some of these miRNAs. The average support value, which means the number of references in which there is a report about the experimentally validated TSS of a specific miRNA, of miRT is quite high and it establishes the significance of the accumulated information. The statistical details on miRT is listed in Table 2 . The entire dataset is available at: http: //www.isical.ac.in/~bioinfo_miu/miRT/miRNA_TSS_database.xls. Even though a recent database miRGen 2.0 reports about the different transcripts of miRNAs [1] , however our major focus is to accumulate the experimentally validated and updated TSS information of human miRNAs. The share of intergenic and intragenic miRNAs and their TSSs reported in the miRT database are shown in Fig. 2 .
To examine the variability of the various experimental results reported in the studies covered here, we have carried out miRNA-specific analysis by converting all the TSSs to a fixed gene assembly (hg19). For example, take the miRNA hsa-let-7i, for which all the seven papers report to obtain a TSS (may be a region with start TSS and end TSS or a fixed locus). We show the different TSSs experimented in these studies by converting them to a common gene built (hg19). The comparative plots of the start and end of the TSSs of hsa-let-7i are shown in Fig. 3 . It includes nine loci (three from three different cell lines in [19] and one from each of the others [4, 5, 6, 11, 17, 21] ) of the same miRNA that are very close with respect to the large span of the genome, even though they differ much (σ ∼ 17225.6 for start TSS and σ ∼ 19656.4 for end TSS). 
Conclusion
The current paper reports the assembly of biologically validated TSS information of a large number of human miRNAs. It accumulates the entire data in the form of a database, miRT, that is a significant resource for further analysis of transcriptional regulation of these short RNA regulators. Global prediction of promoter regions of miRNA genes, which lies in the upstream of TSSs, would allow exploring the mechanisms underlying gene-regulatory mechanisms involving these miRNAs. As highlighted by Zhou et al. [27] , the study of conservedness may also provide robust confirmation of the loci of TSSs.
